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We, Canadian Eefractories Limited, a 
corporation organized and existing under the 
laws of the Dominion of Canada, of Canada 
Cement Building, Phillips Square, in the 
City of Montreal, Province of Quebec, 
Dominion of Canada, do hereby declare the 
nature of this invention and in what maimer 
the same is to be performed to be partiou- 
tarly described and ascertained in and by 
the following statement: — 

This invention relates to a method of con- 
solidating granular particles of refractory 
material, at a temperature lower than here- 
tofore possible, into a highly refractorj' and 
mechanically strong or load bearing product, 
which consists essentially of lime and silica 
and for most applications contains a sub- 
stantial amount of magnesia. 

In accordance with the present invention 
granular particles of refractory material con- 
taining at least 80% by weight of lime, naag- 
nesia and silica and in which the weight 
ratio of lime to silica is at least 2.1 (i.e. the 
weight of lime divided by the weight of 
Biiiea must not bo less than 2.1) are mixed 
with a relatively non-refractory material, 
lureformed or natural, containing at least 
76% by weight of lime, magnesia and silica, 
of which substantially 42 to 74% is silica, 6 
to 68% is lime and the magnesia ranges from 
0 as a minimum to a maximum of S3% at 
42% silica and 38% at 56% silica, with pro- 
poridonal intermediate percentages in such 
proportions of refractory and non- refractory 
materials that the weight ratio of lime to 
fiilioa in the over- all mixture is not aubstan- 
tialiy less than 1.87, and heating the mix- 
ture to a temperature higher than that of 
incipient fusion of the non-refractory 
material to form liquid to react chemically 
with the said refractory granular material 
fltttd eoDSolidate the mass. It will be ob- 
served from the lime-magnesia-silica phase 
eqtiilibrium diagram, referred to later, that 
complete reaction between the above com- 
ponents of non-refractoxy material in the 
proportions given leads to the formation of 
siUcafies with no magnesia present as peri- 
clase. This is essential in c»rder that this 



non-refractory constituent will form a sub- 60 
stantial body of liquid at a temperature of 
1500" C. or less. The two constituent 
materials are mixed in such proportions that 
the weight ratio of lime to silica in the final 
lidxture is not substantially less than 1.Q7. 55 
The mixture is heated to a temperature 
higher than that of incipient fusion of the 
non-refractory portion of the mixture. As 
the non-refractory material melts the liquid 
formed reacts witli the lime of the re&actoiy 60 
constituent to form dic&lcium or tricalcium 
silicate both of which fuse only at much, 
higher temperatures. As heating is con- 
tinued all of the non-refractory component 
is eliminated by reaction with the refractory 65 
granular n.iiteria] to bond all the granules 
together in a load bearing product which 
rfcfteus only at a very high temperatiare. 

A cliaracteristic of mixtures of the type 
coming within the scope of this invention is 70 
that when exposed to temperatures - at or 
above the melting point of the non-refrac- 
tory constituent they first become pasty, as 
this eousstituent melts, and then stiffen up 
as the reaction proceeds with the refractory 75 
granules; eventually the whole mass be- 
comes quite hard. Within wide limits, the 
higher the temperature used, the harder will 
be the product, the reason being that pro- 
gress towards ultimate equilibrium is more QO 
rapid and more nearly complete at the 
higher temperature. 

The non-refractory constituent may be 
preformed by any suitable method. Com- 
plete fusion can readily be brought about by So 
heating raw materials of the desired over-aU 
composition and ph5'sical character in water 
jacketed blast furnaces (when coarse) or in 
reverberatory or electric fumaces (whether 
coarse or fine). Fusion can, if desired, be 90 
brought about in. rotary kilns, but when 
these are used it is customary to carry out 
the operation at such a temperature that 
sintering, shrinkage and nodulization of the 
fine charge occur without complete fusion. 05 
In such a case the reaction does not usually 
proceed to complete equilibrium but suffi- 
cient liquid is formed to act as a strong bond 
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upon cooling. After cooling, the clinkered 
product is crushed to the desured grain size 
for use as a non-refractory constituent in 
the bonding of refractory granular material. 
Q lis ha.si been found that best results are 
obtained when the non-refractory constitu- 
ent is substantially of a grain size within 
the range 6 to 20 mesh. (The screen sizes 
throughout the specification refer to the 

20 Zyler standard based on the square root of 
2). When the material is coarser, drainage 
of the non-refractory constituent prior to 
reaction with the granular refractory is more 
likely to occur ; when it is too fine (especially 

.y£ if fine material also occinrs in the refractory 
constituent) the reaction may take place so 
rapidly that insufficient liqmd exists at.any 
-one time to shrink the particles properly and 
■bond them strongly together. Thus the use 

or -of very fine material, may result in a pro- 
duct which, -while equally refractory, is 

- relatively soft, and hence not satisfactory 
with respect to mechamcal strength. The 
use pt fine particles of non-refractory con-, 
ftituent is not objectionable when fines have 
been removed from the refractory, portion. . 
- Since the invention comprises a method 
of consolidating granular particles of refrac- 
tory material, it follows that this material 

BO jnust not be wholly fine. There is, however, 
a considerable , range of particle size which 
gives good results. For example^ fettling 
materials somethnes consist of at least 50% 
by weight of particles coarser than 1/4'^, 

35 whereas in manufacturing brick it is cus- 
tomary to crush th9 raw materials until sub- 
stantially all particles are below 1/4^, or in 
some cases even below 1/16''. Befractory 
materials to be bonded should contain at 

40 least . 50% by weight of grains coarser than 
20 m.esh. 

The operation of the invention is illus- 
trated by the following particular examples 
and will be best understood by reference to 
•df the accompanying drawings in which, ' 

. Figure 1 is a simplified form of the phase 
equilibrium diagram of the ternary system 
lime-magnesia-silica. 

Figure 2 shows, for the same system, the 
5C ranges of compositions of the non-refractory 
material of the invention which are (1) 
100% and (2) 75% Hquid at 1500", and 

Figure 8 particularly designates on the 
diagram the limits of the non-fefraotory 
*55 material specifically defined herein and also 
the limits of composition of the refractory 
granular particles to be bonded. . . 

These drawings facilitate* a rready under- 
standing of the scope of the invention. It 
wiU be observed (a) that the composition of 
the refractory granular material, on .the basis 
of its content of lime, 'magnesia and silica 
only, has a lime to silica ratio of . at least 
^ 2.1, as shown by line 2, JFigure 3» and lies 
6* appreciably below the 2CaO:Si02-MgO- join 



line 1 on the diagram, and accordingly has 
excess lime above the orthosihcate ratio to 
combine with the excess silica of the non- 
refractory material and (b) that the non- 
refractory material used to consolidate the 7 
refractory granules lies substantially within 
the pentagonal area A shown in Figure 3 
and preferably within the quadrilateral 
area B. 

Example 1 7 

A laboratory furnace is to . be lined with 
electrically fused lime, rammed in place and 
bonded with a minimum quantity of calcium 
silicate. Ten percent of bond will be used, 
as this is about the minimum necessary to ^ 
^ve the requu-ed strength of bond in this 
case. . There is first formed by the fusion of 
suitable calcareous and siliceous materials a 
lime-silica eutectic containing 54.8 lime and 
45.2% silica aad melting at 1463" C. The & 
solidified product is crushed to about 10 
mesh and 10 parts of this are intimately 
.mixed with 90 parts of electrically fused 
•lime, which may conveniently be minus 4 
plus 40 mesh, and, using any suitable binder g( 
as a temporary bond, the whole is rammed 
into place as a furnace lining. When the 
mass is heated, the non-refractory constitu> 
-ent melts at 1463" G. and subsequently re- 
acts with the free lime, eventually forming 
a. solid refractoxy mass containing about 
17.2% tricalcium silicate and 82.8% free 
lime, which can then form no Hquid until a 
temperature of '2065** G. is reached. The 
chemical composition of the mass is 95.5 i( 
lime and 4.5% silica.. In this and succeed- - 
ing examples it is a wise precaution to add 
a stabilizing agent for dicalcium silicate, 
should any be formed. 

Example 2, ' ^ ^X. 

Agam using electrically fused lime, and -* 
with the bonding material Hznited to 15% 
by weighty one is required to carry out the 
bonding operation at 1500* G. and to form 
in the product a maximum proportion of trZ- xi 
calcium silicate. It is obviously desirable 
to use a non-refractory constituent as 
siliceous as possible, and one reacts together 
26 parts of piure lime and 74 parts of pure 
silica. Liquid begins to form at 1438** 0., u 
and at 1500° 0. 75% of the material is 
molten and the reaction is substantially com- 
plete. The cooled product is crushed to 
about 6 mesh, and 15 parts of it are mixed 
with 85 parfcs of the fused lime of. suitable 12 
grain size and molded to the desired form. 
Upon heating to 1500° G. about 11% (75% 
of 15%) of liquid is formed. When chemical 
equilibriinn is reached, through reaction of 
the refractory and non-refractory constitu- 12 
ents, the mass consists of about 57.8% by 
weight of free lime -and 42.2% of tricalcium 
silicate. - * 

Example 3 ! • 

.'.Using a chemical niethod tliere has been 181 
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prepared from high-grade dolomite - a 
material which when dead-bumed oontaiBB 
83 nuvnebiu, 10 Hnie, 2 silica and 5% ferric 
oxi«lt-, sma is iii Hia^"!'^*^ form. It is de- 
sire»l i:» u^i.; this in the mivuufaeture of brick 
which will i:ou;5ist eiiibeiitiaily of periclase 
bondod with dicalciuin silicate and magne- 
rauui fcrrito, with the inaxiiimm content of 
perichwsf. Tlu- highe:*t av^lable burning 
temperature is loOO* C. In order to provide 
tiuflicieiit liquid at thib teinp^arature to form 
a erick ;ji high i?trciigtL, there is used a non- 
reuactOi*y coastituont of relatively low silica 
coDfceut, and for thiB purpose one makes, by 
any fc;uitable uiesms, a "slug** containing 
esseutially 30 lime, 27 magnesia and 43% 
>:ilictt, and forming substantially 100% 
'iquid al 1500' C, with k large amount of 
iiqaid evt-ii us low a« 1450" C. This is granu- 
lated in water, nnd the product consists 
mostly of partliileK between 10 and 28 mesh, 
12.5 parts of which are uued to bond 100 
parts* of the refractory crushed to 6 mesh and 
biiicd to produce a brick of high density. 
The mixture (to which a stabilizing agent 
tor diualciuui silicate is preferably added) is 
formed into a brick in the usual manner, is 
lined, and then burned at 1500* G. The 
iion-ref factory constituent melts and then 
»-eact3 rapidly with the lime of the refractory 
granules, bonding them strongly together. 
The ultimate mineralogical composition — , 
which may not be- attained except at a still 
higher temperature, as in service — ^then con- 
sists of substantially 75.7 periclase, 18.8 
dicalcium silicate and 5.5% magnesium fer- 
rite. All of these constituents are highly 
refractory, and the combination is rendered 
still more so by the fact that the magnesium 
ferrite enters the periclase in solid solution. 
The temperature of failure of such brick 
under a load of 60 lbs. per square inch is 
about 1700° C, whereas a brick from the 
original material, even did it possess ade- 
iiuate mechanical strenjgth, would have 
faUed at about 1500* C, owmg to the lack 
of a refractory bond for the cubical periclase 
crystals. 
Example 4 

So-called ' ' double-burned dolomite Las 
been extensively used in fettling the banks 
of open hearth steel furnaces, but its greatest 
woakneas is the difficulty m setting it, since 
when pure it forms no liquid below about 
2300" C. In an effort to overcome this diffi- 
culty, some manufacturers incorporate in 
the burned dolomite about 12% of dicalcium 
ferrite, but this step is by no means a satis- 
factory solution, since in a steel furnace this 
melts and enters the slag without imparting 
any permanent set to the dolomite particles. 
The problem may therefore be stated as the 
introduction of about 12% of non-re£ractory 
material, which will melt at a temperature 
55 as low as dicalcium ferrite (which melts m- 
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congruously at about 1440" C), but will sub- 
secniently react with the lime of the 
dolomite" and bond it together to ai-efractory 
mass thp.t will foriu little or no liquid even 
at the highest temperature of the open 7q 
hearth furnace— about 1650' C. One first 
fonna, by rnelfciug together biliceous dolornifce 
(a waste product), sandstone and calcium 
carbonate in suitable pi-oportions, a '* slag " 
containing 30.5 lime, 8 magnesia and 61.6% 75 
silica, which is the composition of the 
eut«otic melting at 1321° G. This is gi-anu- 
latcd in water and then mixed with dolomite 
(burned without iron oxide and of the de- 
sired grain size) in proportions 12 and 88 3Q 
parts. When used in patching the eroded 
banks of a hot open hearth furnace, 12% of 
liquid forms in the mitxed material at 1821° 
C. Tiiia liquid ia absorbed by the dolomite, . 
with which it chemically reacts, forming di- qq 
calcium silicate (or tricalcium silicabe) and 
poiiclase, and the dolomite is so firmly 
bonded that it offers gi'eat resistance to 
mechanical erosion, in strikmg contrast to 
the straight burned dolomite or dolomite 
made with dicaleium ferrite. Further, it is 
less permeable to the furnace slag, and forms 
by itself no liquid below 2000° C. "While 
the introduction of silica might appear 
objectionable, the amount introduced is only 95 . 
about 7.4%, and any dicalcium silicate 
formed is highly resistant to chemical attack 
by the open hearth slag. The overall ad- 
vantages are therefore very great. 
Example 6 100 

A commercial refractory containing 63% 
magnesia as periclase, 22 lime, 7 silica, 7 
ferric oxide and 1% alumina, which is fre- 
• quently burned in place in "permanent" 
furnace hearths at normal operating temper- 1Q5. 
aturea of 1550-1650' 0. but at a relatively 
slow rate, is to be bonded as rapidly as pos- 
sible by a material of such composition that 
a relatively small quantity will have to be 
used, and that the periclase content of the ilO 
ultimate refractory will be reduced by the 
minimum amount. A non-refractory 
material high in silica and relatively high 
in magnesia and low in lime is desirable. A 
satisfactory composition is 64 silica, 27 mag- 135 
nesia and 9% lime ; serpentine, dolomite and 
sandstone in suitable proportions are heated 
to at least incipient fusion in a rotary kiln. 
When 8 parts of the sintered product, pre- 
ferably minus 8 plus 20 mesh, are used to 120 
bond 100 parts of granular refractory, fusion 
of the former be^ns at about 1400** C, and 
substantially complete liquidity is reached 
at 1500° C., and immediate bonduig resi.ilt'?. 
The ultimate chemical composition- is 60.3 126 
magnesia, 21.0 lime, 11.2 silica, 6.6 ferric 
oxide and 0.9% alumma, and when the re- 
action has gone , to completion the mineralo- 
gical composition will be substantially 68.3 
periclase, 32.2 dicalcium silicate, 8.25 mag- 130 
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nesium ferrite and 1.25% magnesium alu- 
xninate. All of these compounds are lughly 
refractory. Not only has bonding been car- 
ried out at a lower temperature and in a 
- much shorter time, but the refractoriness of 
the final product has been substantially 
raised, and the furnace bottom formed of it 
gives much better service. While such 
hearths are frequently formed by burning 
in thin layers one at a time, it rtiay be 
pointed out that the znaterials in question 
could equally well, be used for rammed fur- 
nace .heai*tlis, the difference being mostly in 
the method of applying the refractory. 

2^ Example 6 . - • 

From a bruoitic mineral deposit, low in 
silica, there has been prepared by electrical 
fusion a material car4:yihg.substPrntial]y 94 
magnesia and 6% lime, and it is necessary 

tf;.. to form this into :brick with the very mini- 
mum quantity of non-refractory material 
and produce by reaction an ultimate refrac- 
tory as low as possible in lime but within 
the scope of the inTention. For this pur- 
pose a. melt is prepared containing 74 sUica, 
6 lime and 20% magnesia; siditstantially 
76% of this is liquid at 1500' C. Item the 
molten condition it. ia .poured into water and 
the product is diied.' ^Ehe redCractozy constitu-> 

V ent is crushed to pass 8 mesh, and the fififts 
are retained. Ta 100 parts of it 4.54 parts 
of granulated noD ..efractory constituent nre 
added and the .whole is molded to the de- 
sh'ed form and burned, at i550?.C.,.prefer- 

^ ably with the addition of a very JitMe .borio 
acid as a stabilizing agent for the diealcium 
silicate- to be formed- Neglecting the boric 
acid, the brick ultimately consists of QQJB 
pai'ts.of periclase and €.2 psorts of diealcium 

r^Q sUicate. ■ ■ . - ' * 

! The .same cQmiK>sitiQn in the ultimate' pro- 
duct could have heen secured under the same 
conditicais'by using 6.09 parts of non-xefnic- 
tory constituent coixtadning 56 silica, Blime 

45 and .88% . magnesia '-svMoh is substantially 
75% Hquidatl5Q0'*X3.- '. 

-By .using only parts of the second, nf 
these nou-refractpry Tmsterials,' one .would 
by the same method nbtain a final product 
consisting of 91^85% * periclasB and. 8.15% 
tiicalchim' salioate. ... • 
Example 7 ' . 

•In some plants,' xaw dolomite, is .used in- 
stead, of . double-humfid'. dolomite in fettlfng 

55 the banks of open . hearth^steel furnaces. Xt 
is hot expected, to. fiimish jnore >th?m tem- 
porary protection to the-hanks,. since it does 
uot set .to even a small: degree at the highest 
furnace temperature/ and it .-has, in fact, 'to 

■60 be replaced after; every 3ieat. A major im- 
provement in * the practice of using raw- 
dolomite alone is efEectjed by preforming/ as 
in IS^cample 4, a melt containing 80..S luhe, 
8.Q magaesia and 61.5% silica, and gramz- 

65-. latiag this in 'TOter.. ' . ..Ten -.pariis m ihe 



granulated material are then mixed with 90 
parts of raw granular dolomite of a suitable 
grain size (about minus 2 plus 8 mesh) and 
the whole is thrown on the hot banks of an 
open hearth furnace immediately after 7C 
tappiag-. By the time the material reaches 
a temperature of 1000** O. it has lost all its 
carbon dioxide, and the calcined dolomite 
is then present as soft granules. When the 
preformfid material melts, at 1321* C. the 7£ 
liqtud is immediately absorbed by the porous 
and highly reactive granules. The mass 
shrinks very considerably, and is largely 
converted into highly refractory and slag- 
resistant periclase and diealcium silicate (at 80 
ultimate equilibrium, tricalcium silicate). 
In this case , the amoxmt of calcium silicate 
constitutes a considerably greater proportion 
of the total mass than in Example 4, since 
pure dolomite loses about 48% by v/eight on ^ 
calcination. The higher proportion of liquid 
is desirable because of the porosity of the 
calcined dolomite as compared with the 
double-burned product. 

Esaample 8 . . $g 

It is desired to xxikke use of. natural 
minerals or xocks as non-refractory constitu- 
ents in combination with dolomite, instead 
of preforming slags for bonding purposes.- 
Compounds of lime and silica fwith or with- 95 
out magnesia) which may oe used are 
diopside (CaO.Mg0.2Si02), ackermanite 
<2GaO.MgO,2Si02), and woUastonite (CaO. 
SiOj). ■ While the latter, when pure, has a 
melting point of 1544* C, and is therefore 1JQ| 
of marginal value for the purpose, it fre- 
quently contains enough magnesia, or otlier 
impurity, to .reduce its melting point to 
1600° C/ or helow r oxdy aBbut' 8% of mag- 
nesia is required to do this. . There are, how- IC 
aver, niany natural' deposits which contain *" 
.75-80% of silica plus lime plus magnesia and - 
melt at 15.00° C. or below, such as variotis 
granites, diabases and diorites. Although 
these usually contain alumina and other im- 11 
purities* in ininor proportion, they have 
prov.ed satisfactory when the highest -refrac- 
toriness in the fnal products was. hot re- 
quired^ and their use as non-refractory 
materials is included within the scope of this 
invention. On the other hand, monticellite 
(CaO.MgO.SiO,) and merwinite (SCaO.MgO; 
ZSiOJ, which are considerably more refrac- 
tory,^ are definitely excluded, as are all 
naturally occurring materials with substan- 1^ 
tially less than 42% or more" than 74% of • ~ 
siHca. *; 
- The -examples ^ven above illustrate the 
broad scope of the invention and the .approx- 
imate limits of * composition within which 12i 
good results have been" obtained. These 
limits for the non-refractory component may^ 
be defined . -as comprising all compositions' 
wiiich, on the basis of their lime, magnesia: 
and silica contents (that is, neglecting* ld( 
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minor impurities such as irou oxide and 
alumina) lie within the boundaries o£ the 
rectilinear pentagonal figure A in the lime- 
magnesin-silica phase equilibrium diagram 
5 (Figure 3) defined by comers having com- 
positions (1) 20 lime, 0 magnesia, 74% 
silica, (2) 6 lime, 20 magnesia, 74% silica. 
(3) 6 Hmu, 88 magnesia, 56% silica, (4) 25 
linu', i>3 magnesia, 42% silica, (5) 68 lime, 

10 0 magnesia, 42% silica. The invention may 
also be defined as comprising, as the non- 
refractory constituent, whether naturally 
occurring or preformed, all combinations of 
lime, magnesia and silica (with not more 

16 than 25% of all other compounds) which are 
at least substantially 75% molten at 1600" 
C. (Figure 2). These ranges are practically 
identical. 

A prai'erred, and somewhat smaller, range 
• 20 of nua- refractory composition is that which, 
on the same basis, lies witldn the bounds 
oE fciie quadrilateral B defined by corners 
having compositions (1) 35 lime, 0 magnesia, 
65% silica, (2) 8 lime, 27 magnesia, 65% 

26 silica, (3) 30 lime, 27 magnesia, 43% silica, 
and (4j 56 lime, 0 magnesia and 44% silica, 
as shown in Pigure 3. This quadrilateral 
appriximately defines the limits within 
which all compositions are substantially' 

80 100% liquid at loOO** C. (Figure 2). 

For convenience in calculation it has been 
assumed in several of the examples given 
above that the non-refractory constituent 
consisted entirely of the oxides lime, mag- 

86 nesiA and silica. It will be appreciated, 
however, that, when using commercial raw 
materiftls, ndnor amounts of other oxides, 
such as those of Iron, aluminium, titanium 
and the alkali metals, may be present. The 

an invention is limited, however, to the use of 
a non-refractory constituent, whether 
natural or synthetically preformed, which 
contains at least 75% of lime plus magnesia 
plus aiUca. 

'46 none of the preformed uon-refractory 

constituents is the magnesia at equilibrium 
present as periclase. When they are rapidly 
cooled from the liquid condition, as by 
granulation in water, they form a glass, and 

60 when slowly solidified they crystallize to 
various silicates of lime and magnesia, the 
nature of which is dependent upon the com- 
position of the melt. In no case, however, 
does the magnesia crystallize as periclase. 

5r This is in striking contrast, for example, 
with the raw material of Seaton and Hart- 
zell. United States Patent 2,218,486, who 
combined two refractories, the less refrac- 
torv of which contained " a major portion *' 

60 (65 90%) of magnesia " (most of which 
wfts present as periclase) " and lesser^quan- 
tities of silica, lime and alumina." In 
United States patent 2.238.428 Seaton and 
Hartzell disclosed the iise of a material 

65 which would solidify "with crystallization 



of the magnesia as periclase." So also Lee 
United States patent 2,089,970 dealt with 
materials consisting largely of periclase. In 
the present invention, by using magnesia 
in the combined form in the non-refractory 70 
constituent, it has become possible to pro- 
duce materials which are at least substsm- 
tially 75% liquid at 1321-1500" Ci, instead 
of bsing only somewhat plastic even at much 
higher temperatures. While the prior art 75 
aimed at the production of highly refractory 
materials from others of lower refractoriness » 
the approach to the problem may be said 
to have been substantially the opposite of 
that of the present invention, and the result QQ 
obtained was far less satisfactory. 

rt is evident from the examples already 
given that, while the granular particles of 
refractory material to be honded always con- 
tain a large proportion of oxide constituents 85 
in the lime-magnesia-silica system, the ]pre- 
sence of iron oxide, alumina and other im- 
purities in minor proportion does not render 
the bonding method inapplicable. This in- 
vention is limited, however, to the bonding 90 
of refractory granular materials containing 
at least 80% by weight on the dead burned 
or loss-free basis, of lime plus magnesia plus 
silica, and having a ratio of Inne to silica of 
at least 2.1. ^5- 

In re!?ard to the proportions of the non- 
refractory and refractory constituents to be 
used in any particular case, it will be ob- 
served from the examples given that 
the^e may vary widely. In the lime- 100 
niagiie-jia-silica system, however, a definite 
limit exists, and use can be made oidy 
of those mixtures of non-refractory and 
refractory constituents which, in their over- 
all composition, contain lime and silica in ICB 
a ratio at least as great as that of calcium 
orfchosilicate, that is, substantially 1.87 or 
greater on a weight ratio, or at least 2.0 on 
a molecular basis. Such materials, if pure 
and fully reacted, form no liquid below a 110 
temperature of 2000** C. or, in the absence of 
magnesia. 2065" C. To those versed in the 
art,^it is a simple arithmetical problem to 
calculate the proportions of the two 
materials which will give such a result in IM 
any particular case. 

It will be readily imderstood that various 
specific applications of the method of the 
invention may be made. Mention has 
already been made of the production of re- 120 
fractories consisting essentially of (1) free 
lime and tricalcium silicate, useful for ex- 
perimental laboratoiy and other furnaces, 
(2) periclase, dicalcium silicate and ma£;- 
nesium ferrite in the form of brick, (3) 12« 
double-burned dolomite plus trlcalciuni sili- 
cate as fettling material for open hearth 
steel furnaces, (4) permanent steel furnace 
hearths of periclase, dicalcium silicate, mag- 
nesium ferrite and magnesium aluminate, IW 
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whether bonded in place in relatively thin 
layers or rammed in as a single unit, (5) 
brick of periclase .and dicalclum silicate and 
(6) bnck of periclase and tricalcium silicate. 

The invention, however, is not limited to 
any particular method of application, but 
rather to the bonding of granular refractories 
by. the. use of siliceous non-refractoiy 
materials of the particular type described. 

20 . Attention is directed to Patent No. 
62^,055 in the name of Canadian Pi,efrac- 
tories Ltimited which relates to a method of 
consolidating granulai- refractory materials, 
at relatively low temperature, into masses and 

25 shapes possessing, a high degree of refractori- 
ness which comprises selecting at least two 
refi-actoi-y materials of the type illustrated 
in Pigure 1 of that Specification and char- 
acterised fay the formation between them of 

2i} a highly refi-actory chemical compound 
which uniteij with one but not fche other of 
the said materials to form an intermediate 
product of relatively low refractoriness, 
obtaining said intermediate product, react- 

25- ing said intermediate product in at- least 
partly molten condition and at a relatively 
low temperature with the said other material 
to consolidate particles of the latter into 
masses and shapes and heating the masses 

g(i and shapes to convert them into highly re- 
fractory ceramically bonded bodies through 
substantial elimination of the intermediate 
product by its reaction with said other 
material. 

Having now particularly described and 
;iscertained the nature of our said invention 
and in what manner the same is to be per- 
formed; we declai'e that what we claim is: 
1. A method of consolidating refractory 
^0 granular particles into a mechanically strong 
and highly refractory product which com- 
prises mixing refractory granular particles 
containing, on the burned basis, a total of 
at least 80% by weight of lime plus mag- 
• 45 nesia plus silica, and in which the weight 
ratio of lime to silica is at least 2.1, with 
non-refractory material containing a total of 
at least 76% by weight of silica plus lime 
plus magnesia of which substantially 42-74% 
50 is sihca, 6-58% is lime, and the magnesia 
ranges from 0 as a minimum to a maximum 
of 33% at 42% silica and 38% -at 56% sihca, 
v/ith proportional intermediate percentages, 
in such proportions of refractory and- non- 
55 refractory materials that the weight ratio of 
lime to silica in the ^ver-all mixture is not . 
substantially less than 1.87, and heating the 
mixtm-e to a temperatm-e higher than that, 
of incipient fusion . of the non-refractory 
6u material to form Hquid'io react' chemically. 
with the said refractory granular, material- 
and consolidate the mass.. . . ; : 

2. A method of consolidating into a mech- ' 
anically. strong and refractory prod u'ct high ly. 
6c refractory . granular ; particles which com- 



prises mixing said granular particles consist- 
ing essentially of lime and magnesia in 
which the weight ratio of lime to any siHca 
present is ab least 2.1 with a non-refractory 
material having a composition within the 7f> 
range (1) 26 lime, 0 magnesia, 74% siUca, 
(2) 0 lime, 20 magnesia, 74% silica, (3) 6 
Ihne, 38 magnesia, 66% silica, (4) 25 lime, 
33 magnesia, 42% silica, (5) 58 lime, 0 mag- 
nesia, 42% siHca, in sxich proportions that 7^ 
the weight ratio of lime to silica in the mioc- 
ture is not substantially less than 1.87 and 
heating the nuxture to a temperature higher 
than that of incipient fusion of the non-re- 
iractory material to form hguid to react with g(y 
said granular material and consolidate the 
mass. 

3. A method of consolidating into a mech- 
anically strong refractory product highly re- 
fractory granular particles which comprises r^^ 
mbdng said granular particles consisting 
essentially of lime and magnesia in which 
the wiiight ratio of lime to any silica present 

is at least 2.1 with a non-refraetory litiaterial 
having a composition within the range (1) \r} 
85 hme, 0 magnesia, 65% silica, (2) S lime, 
27 magnesia, 60% silica, (8) SO lime, 27 mag- 
nesia, 43% sihca, and (4) 56 lime, 0 mag- 
nesia and 44% silica, in such proportions 
that fche weight ratio of lime to silica in the .5 
mbctui*e is not substantially less than 1.87 
and heating the mixture to a temperature 
higher than that of incipient fusion of the 
non-refractory material to form hquid to re- 
act with said granular material and con-. 'i()5 
solidate the mass. 

4. A method of consolidating into a mech- 
anically strong and refractory product gran- 
ular particles, of dolomite which comprises, 
mixing said particles with a preformed non-- -It 
refractory material containing lime andr 
magnesia in substantially equimolecular- 
ratio and not less than 42 nor more tha?t 
74% of silica, in such .proportions that theT 
weight ratio of lime to siUea in the over-all -1* 
mixture is not less than 1.87 and heating 

the mixture at least to incipient fusion of 
the non-refractory material to bring about 
reaction vnth the granular particles of 
dolomite and consolidate the mass. 

5. A method as defined in claim 4 wherein ' 
the granular dolomite is dead-burned. 

6. A method as defined in claim 4 wherein, 
the granular dolomite is unbumed. 

7. A method as defined in claim 4 wherein 1 20 
the non-refractory material has substantially 

the composition of diopside. • 
- 8. A method as defined in claim 1 wherein* 
the refractorj'^ granular particles consist 
essentially of magnesia with -substantially ^gg 
10 to 22% lime and 2 to 7% silica and in 
which the weight ratio of lime to silica is at 
least 2.5 

9. A method as defined in claim 1 whereTi - 
the refractory granular particles consist ^'^q 
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essentially of magnesia with substantially 
10 to 22% lime and 2 to 7% silica and in 
which the weight ratio of lime to silica is at 
least 2.5, and the non-refractory material 
5 has substantially the composition of wol- 
lastonite. 

10. A method as defined in claim 1 which 
the non-refractory constituent becomes sub- 
stantially 76% molten at 1500" C. 
10 11- A method as defined in claim 1 in 
which the non-refractoiy constituent be- 
comes substantially 100% molten at 1500' 
C. 

12. A method as defined in claim 1 in 
15 which the non-refractory constituent is first 

liquefied by heating and is then eliminated 
by reaction with the refractory granular 
particles. 

13. A method as defined in claim 1 in 
fjO which the non-refractory constituent is of 

such a grain size that it will pass a screen 
of 6 meshes to the inch, and be retained on 
a screen of 20 meshes to the inch. 

14. A method as defined in claim 1 where- 
25 in at least 50% by weight of the granular 

refractory particles are coarser than 20 
mesh. 

15. A method as defined in claim 1 in 
which the non-refractory^ constituent ia a 

80 naturally occurring material. 

16. A method as defined in claim 1 in 
which the non-refractory constituent is pre- 
formed by at least incipient fusion. 

17. A method as defined in claim 1 in 



which the non-refractory constituent con- 35 
tains from 1% to 88% of magnesia in com- 
bined form and none as perielase. 

18. A method as defined in claim 1 in 
which the ultimate product at chemical 
equilibrium consists essentially of dicfidcium 40 
silicate and perielase. 

19. A method as defined in claim 1 in 
which the ultimate product consists essen- 
tially of perielase, csdcium orthosilicate and 

a stabilizing agent to prevent inversion and 45 
disintegration of the product. 

20. A method as defined in claim 1 in 
which the ultimate product at chenucal 
equilibrium consists essentially of tricalcium 
silicate and perielase. ^0 

21. A method as defined in claim 1 in 
which the ultimate product at chemical 
equilibrium contains free lime and tricalcium 
silicate. . kk 

22. A method as defined in claim 1 m 
which the non-refractory material is fused 
and granulated in water. 

Dated this 12th day of May, 1949. 

HASBLTINE, LAKE & CO., 
28, Southampton Bmldings, 
London, England, 
and 

19-25. West 44th Street, 

New York, U.S.A. 
Agents for the Applicants. 
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